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Abstract 
 
 The infinite U Hubbard model, with exclusion of double occupancy of sites, can be 
considered as a free orthofermion Hamiltonian which is exactly soluble. It is found that the 
orthofermion distribution function is similar to the mean number of trapped electrons in an 
impurity in a semiconductor where the double occupancy of the impurity is forbidden and similar 
to the distribution function of the usual fermions with the chemical potential  µ  replaced by 
bmm 2ln+= . In one dimension, the thermodynamics of free orthofermions gives the known 
exact results of the infinite U Hubbard model. Thus it shows that at least in one dimension the 
fermions with exclusion of double occupancy of sites behave as free orthofermions. Since free 
orthofermions Hamiltonian is exactly soluble in any dimension, it can be employed to ascertain 
the accuracy of the approximate solutions of the Hubbard model, frequently used for the strongly 
correlated electron systems like high temperature superconductors. 
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        The Hubbard model is the simplest model to study the strongly correlated electron systems. 
It is usually written as 
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where )(† ss ii cc  are creation (annihilation) operators for an electron of spin s ( ± 1) on a site i , 
sss iii ccn
†=  is the electron number operator, t is the nearest neighbor hopping integral , U is the 
intra-site Coulomb repulsion, and >< ij  denotes that the sum is restricted to the nearest 
neighbors.   In case of large U with respect to t, there are formidable problems for its solutions in 
dimensions higher than one. Even in one dimension, although we have a fairly complete 
description of the ground state properties, there exist very few exact results at finite temperatures. 
Exact analytical expressions  for the thermodynamical quantities for  U =  8  have been derived 
by many authors [1-3]. However, their methods cannot be extended to higher dimensions. 
        Recently Mishra [4] has shown that the electrons in the infinite U Hubbard model, with 
exclusion of double occupancy of sites, can be considered as  free orthofermions, obeying the 
commutation relations 
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with the Hamiltonian 
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Here a and  b  are the spin indices. It should be noted that the commutation relation of Eq. (2)  
implies that  the wave function for  the orthofermions is antisymmetric only when the  spatial 
indices i and j are exchanged, keeping unchanged the order of the spin indices. This feature leads 
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to the spin charge decoupling, found in the exact solutions of the Hubbard model in one 
dimension [5,6].  
        Using the Fourier transforms in k- space 
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where d  is the nearest neighbor vector, and N is total number of sites, the single particle  Green´s 
function [7] 
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for the free orthofermion Hamiltonian (4) can be obtained exactly. It is given as 
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From this Green´s function, one obtains the correlation function [8] 
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It gives the distribution function for orthofermions of wave vector k as 
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It should also be noted that the distribution function is similar to the mean number of trapped 
electrons in an impurity in a semiconductor where the double occupancy of the impurity is 
forbidden. By rewriting  the orthofermion distribution function (9) as 
1)( )1( --+= meb kk en , where bmm 2ln+= , one notices that   orthofermions behave as  
 
fermions with chemical potential µ replaced by m . This fact was noticed earlier by Klein  
 
[1] in his calculation of the partition function for the infinite U  Hubbard model in one dimension.  
 
        To study the thermodynamics, we need to know the chemical potential  µ  which can  
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be  obtained from 
 
)(1
1
meb -+
== åå
kk
k
k e
nn                                                                                                        (10) 
 
where  n is the number of orthofermions per site.  From Eqs. (4) and (7), the internal energy  
 
E  = <H> is given as 
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The above  Eqs. (10) and (11) can determine all the thermodynamical quantities. In one 
dimension, by changing the summation over k  and taking  ek  = - 2t cos ka, where a is the inter-
site separation, they can be rewritten as, 
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The above analytical expressions are exactly equal  to those obtained earlier [1-3]. In the zero 
temperature limit, the self consistent solutions of Eqs. (12) and (13) give the ground state energy,  
EG ,  as 
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which is equal to the exact expression, obtained by Shiba [9] for the infinite U Hubbard model . 
Thus  in one dimension, the fermions with exclusion of double occupancy of sites can be 
considered  as free orthofermions. However, since the free orthofermions Hamiltonian is exactly 
soluble in any dimension, it can be employed to ascertain the accuracy of the approximate 
solutions of the Hubbard model, frequently used for the strongly correlated electron systems like 
high temperature superconductors.  
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        The problem of strongly correlated electron systems  has also been studied  by using  the 
Gutzwiller variational  wave function. However, for the infinite U  Hubbard model, it does not 
give the exact results in thermodynamic limit [10]. Recently by using a lengthy and complicated 
functional integral approach, Stasio et al. [11] have obtained the exact partition function for 
infinite U  Hubbard model for a two site systems.  The two site problem can be very easily solved 
for the free orthofermion Hamiltonian. It is found that it gives the   exact expressions for the 
thermodynamical quantities. This example gives one more reason in favor of the soundness of the 
orthofermion approach for the infinite U  Hubbard model. 
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